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ABSTRACT

This is a report of the work cccomplished on Project VT/2704 from 1 January
through 31 March 1972, It describes the operation, evaluation, and improve-
ment of the Tonto Forest Seismological Observatory (TFSO) located near
Payson, Arizona, research and test functions carried out at the TFSO, and

research and development tasks performed by the Garland, Texas, staff using
TFSO data.
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OPLRATION OF TIk
TONTO FORLST SLEISMOLOGICAL OBSERVATORY
Quarterly Report No. 3, Project VI/2704

Contract F33657-72-C-0013
1 January through 31 March 1972

1. INTRODUCTION

1.1 AUTHORITY

The work described in this report was supported by the Advanced Rescurch
Projects Agency, Nuclear Monitoring Research Office, and was monitored by

the Air Force Technical Applications Center (AFTAC) under Contract F33657-72-
C-0013. The effective date of the contract is 1 July 1971; the Statement of
Work for Project VI/2704 is included in the appendix of this report

1.2 1I1STORY

The Tonto Forest Seismological Observatory (TFSO) was constructed by the
United States Corps of Engineers in 1963. TFSO was designed to record
seismic events and to be used as a laboratory for testing, comparing, and
cvaluating advanced seismograph equipment and seismometric recording
techniques. The instrumentation was assembled, installed, and operated
until 30 April 1965 by the Larth Sciences Division of Teledyne Industries
under Contract AF 33(657)-7747. On 1 May 1965, Geotech assumed the responsi-
bility of operating TFSO. The location of TFSO is shown in figure 1.

2. OPLRATION OF TFSO

2,1 GENERAL

Data are recorded continuously at the TFSO for 24 hours each day of the week.
The instrumentation that accomplishes this, and other instrumentation that

is used for special tests, have been operated and maintained during this

report period by a staff of four technical people. Administrative work is
handled by one half-time person. All work is being accomplished during

a "normal shift" from 8:00 a.m. to 5:00 p.m., and a "late shift'" from 9:30 a.m.
to 6:00 p.m. The normal work shift is worked each Monday through Friday except
holidays and is considered the regular work day by all personnel. The late
shift is worked every day including Saturdays, Sundays, and holidays, and is
staffed by one man on a rotational basis.

TR 72-4



Figure 1. Location of TFSO
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2.2  STANDARD SE1SMOGRAPII OPERATING PARAMETERS

The operating parameters and tolerances for the TESO standard scismographs
are shown in table 1. Frequency response tests are made routinely and
parameters are checked and reset to maintain the specified tolerances.

Normalized response characteristics of TFSO standard scismographs are shown
in figurce 2.

2.3 DATA CHANNEL ASSJGNMENTS

Lach Jata format recorded at TFSO is assigned a Data Group number. When a
data format is changed, a new Data Group number is assigned. Data Format
Change Notices reporting changes in channel assignments were submitted to the
Project Officer and to frequent users of the TFSO data during this report
period,

2.4  COMPLETION AND SHIPMENT OF DATA

Four analog FM magnetic-tape-units were used to record data for the VELA
Scismological Center (NYV). Tapes from these units were shipped weekly. All
tapes recorded on onc day were shipped to our Garland, Texas, luboratory for
quality control, then shipped to the SDL. All tapes recorded on thc other six
days were shipped directly to the SDL.

All ASDAS tapes, except two per weck that were sent to Garland for quality
control, were held at the observatory for a period of about & weeks and then
were recycled if not requested by a data user.

All Develocorder (lo-mm film) seismograms, cxcept quality control copies,
were routinely shipped to the SDL. One scismogram for cach Develocorder was
sent cach week to our Garland, Texas, laboratory for quality control, then
forwarded to the SDL.

One DGRDAS tape was sent to Garland each week for quality control, then was
forwarded to the SDL. All other tapes were shipped weckly to the SDL.

Copies of calibration and operational logs accompanied all data shipments.

2.5 QUALITY CONTROL

2.5.1 Quality Control of 16-mm Film Scismograms

Quality control checks of randomly-selected 10-mm film seismograms from
Data Trunks 2, 4, and 8 and the associated logs were made in Garland. [Items
that were routinely checked by the quality control analyst include:

a. Film boxes - neatness und completeness of box markings;
b. Develocorder logs - complateness, accuracy, and legibility of logs;

-3~
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¢, Film -

(1) Quality of the overall appearance of the record (for example,
trace spacing and trace intensity);

(2) Quality of film processing,

d. Results of thesc evaluations were scnt to the observatory for their
review and comment,

2.5.2 Quality Control of Analo FM Magnetic-Tape Seismograms

Each week, quality control checks of three randomly-selected magnetic-tape
seismograms are made in Garland and at TFSO to assurc the recordings meet
specified standards, The following items are checked:

a. Tape and box labeling;

b. Accuracy, completeness, and neatness of logs;

<. Adcquate documentation of logs by voice comments on tape where
applicable;

d. Seismograph polarity;

¢. Level of the microseismic background noise;

f. Level of calibration signals;

g- Relative phase shift between array scismographs;
h. Level of system noise;

i. Oscillator alignment;

j+ Quality of recorded WWV signal where applicable;
k. Time-pulse carrier;

1. Binary-coded digital time marks.

2.5.3 Quality Control of ASDAS Magnetic-Tape Scismograms

Quality control checks of ASDAS tapes are made routinely. At present, one
tape from cach of the two transports is checked weekly for the following
items:
a. Neatness and accuracy of the associated logs;
b. Polarity errors;
C. Recording lcvel of each channel;
-0~
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d. Fidelity of reproduction;

e. Presence of header record and correct record length;
f. Tape parity errors;

g. Timing information,

2.5.4 Quality Control of DGRDAS Magnetic-Tape Seismograms

Quality control checks of DGRDAS tapes are made routinely. At present, one
tape is checked each week for all items listed under section 2.5.3 and, in
addition, for the following items:

a. Field transmission parity errors;

b. Central digital system n rity errors;

€. Gain code errors,

2,6 INSPECTIONS

A security inspection was conducted on 2 February by Mr. M. Craig, Chief,
Industrial Security, Phoenix, Arizona. All phases of the TFSO security
program were found to be in good order.

2.7 EMERGENCY POWER GENERATOR

The 100 kW diesel-powered generator was operated for a total of 4.2 hours.

It was operated 0,3 hour during commercial power failure and 3.9 hours during
full-load tests,

2.8 FACILITY MAINTENANCE

The TFSO facilities were maintained in accordance with sound industrial
practices throughout the report period. This work included pest extermination,

fire extinguisher inspection, work area cleaning, and lubrication and Cleaning
of the heating and air conditioning equipment.

2.9 WEATHER
There was no lightning nor any precipitation in the TFSO area during this

quarter, and the temperature at the Central Recording Building varied fronm
a minimum of 9°F to a maximum of 84°F,
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2.10  RELOCATION OF LPo

The work of planning and preparing for the relocation of LI'6 continued during
this report period. On 19 January, the access road to the proposed new site
was surveyed. On 7 I'ebruary, Captain John I, Fergus, Project Officer,

Mr. Charles Thurber, USAF, Mr. B. B. Leichliter, Program Manager, and

Mr. Gayle Stanfill, TFSO Station Manager, met with Ranger Ken Bishop at the
proposed LP0 site to coordinate permitting of that site. Later, the same
individuals met in Phoenix with Mr. Wirth, the Tonto Forest National Forest
Supervisor, to continue this coordination. Mr. Wirth agrecd that the new
site need not be tenced as all of the installation would be underground, but
concurred with other Forest Service requirements which called for the repair
of the existing Forest Service road, the closure of the remaining 1.0 miles
of roud, and the construction of the 0.14 mile of access road according to
the Forest Service Lngincer's requirements,

On 10 February, Captain Fergus and Mr. Leichliter met with Mr.Dave Reichart,
Corps of Engincers, in Phoenix to review our request to the Forest Service for
the relocation of LPo,

On 25 February, our Engineering Change Proposal No. 1, P-1900, for the
Relocation of LPo, was negotiated,

On 20 March, Mr. Stantill met again with Ranger Bishop to discuss road
construction at LPO. lle approved the plans submitted to him at this time
and forwarded copies of these to his division office for their approval.

2,11  SPIRAL-FOUR CABLLS

Thirty-five sections and three half-scctions of cable were replaced, and three
cables were spliced during Jaunuary, February, and Mavch. One cable had been
shot and two had been cut by tractors, Iwo cables had picces cut from them
and removed by vandals., The remainder failed because of insulation damage.

Ranger Phil Smith met with the Project Officer, the rogram Manager, and

the Station Manager on 9 February to discuss TIESO cable damage by the Forest
Service Lngineers and by Southwest Forest lndustries. e stated that cable
damage would be a continuous problem duving their annual rehabilitation work
because the cables were near roads and in ditches, but indicated that Southwest
Forest Industries probably would not be permitted to cut wood in arcas through
which our cables pass.

2.12  RADIO SYSTEMS
Applications tor renewal of the LP array microwave telemetry station license

and the observatory communications system license were submitted during this
report period.
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2.13 LP5 POWER GENERATOR

Routine maintenance, including changes of oil, oil filter, and air cleaner,
and filling of water and oil rescrves was performed in January and in March.
One hundred gallons of fucl were added to the supply tank in January and
500 gallons were added in March.

E 3. INSTRUMENT EVALUATION

3.1 LONG-PERIOD TRIAXIAL SYSTEM

Operational testing of the LP/SP triaxial system was resumed during January
with the ZTSP, NTSP, and ETSP channel magnifications set to 1200K. During
February, filter scttings were adjusted to bring the triaxial system fre-
quency response closer to the TFSO short-period system rcsponsc and the ZTSP,
NTSP, and RTSP channel magnifications were reduced to 965K. The triaxial
system was deactivated on 13 March and sensor modules were shipped to
McClellan AFB on 15 March.

3.2 DIGITAL GAIN RANGING DATA ACQUISITION SYSTEM

The digital gain ranging data acquisition system was operated throughout
the report period with interruptions only for record changes and routine
maintenance.

3.3 ASTRODATA SEISMIC DATA ACQUISITION SYSTEM

The Astrodata seismic data acquisition system was operated continuously
throughout the report period except during the unmanned observatory hours,
and during periods of maintenance and record change. Maintenance to the
system included routine cleaning; the replacement of a photosense lamps,
vacuum motor brushes, and a vacuum motor; the adjustment of supply reecl
locking hubs; and the repair of supplies which power the active filters.

3.4 MULT1CHANNEL FILTER

The MCF was operated throughout January, but its output was generally of

poor quality because many of the short-period array channels that feed data to
the ..CF were either noisy or inoperative., In addition, the MCF power circuit

breaker opened several times, indicating that some component part was failing

intermittently. During February, the filter was operated with inputs from

16 short-period array channels. The other three channels were noisy and were

not used. On 2 March, the Z10 channel became inoperative and remained in

that condition throughont the remainder of this reporting period.

29~
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3.5 GRAVITY FEED CHEMICAL SUPPLY SYSTEM

buring the first 12 days of January, the gravity feed chemical supply systems
dispensing fixer to the short-period Deveiocorders continued to fajl frequently
while identical systems in the long-period Develocorders operated without
interruption, Installation of manifolds that used three valves in parallel

to control the flow rates for each short-period Develocorder temporuarily
stopped failures, but these eventually became clogged and interrupted film
fixing.

A significant improvement in the performance of all SP Develocorder gravity-
feed systems areas was realized when General Llectric Supermix Fix was used

in place of Kodak Rapid Fix. Details of all tests performed will be presented
in a separate letter report,

5.0 LEXTENDLED LONG-PLRIOD SLEISMOGRAPII

The extended long-period seismograph, ZXLP, was operated at a magnification
of 140K throughout the report period,

5.7 SHORT-PLRIOD 37-LELEMENT ARRAY SEISMOGRAPIH

Data from short-period urray channels Z1 through I20 were recorded routinely
during this report period. Most of these channels were noisy or completely
inoperative during a substantial portion of January because of cable leakage
or cable failure, During February, 14 channels operated continuously with

low system noise, 4 channels were intemittently noisy and two channels failed
and were repaired. All channels operated satisfactorily from 1 to 29 March,
when Z10 became inoperative.

5.8 LONG-PLERIOD ARRAY

bData from the long-period array channels were recorded throughout this report
period. Channel fuilures were corrected by the replacement of one amplifier
and several cables, the recentering of masses on £ix instruments, and the
cleuaning of one cable hock.

3.9 QUARTZ ACCELEROMETER
On 25 February, our Lngineering Change Proposal No. 2, P-1970v, LEvaluation

of Quart: Accelerometer, was negotiated. Ne will begin work on this task
upon receipt of equipment to be evaluated,

-10-
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3.10 LAMONT-DOHERTY SEISMOMETLR ENCLOSURE

Because of the delays in beginning the relocation of LP6, one Lamont-Doherty
Seismometer Enclosure (Lamont tank) was installed on a good granitic rock
outcrop, approximately 25 feet from the existing experimental tank vault,
and 1/4 mile northwest of the east walk-in vault. Figure 3 shows a sketch
of the Lamont tank installation plan,

The installation was begun on 22 February and was completed on 15 March. It
is planned to install identical horizontal LP seismometers in the Lamont

and experimental tank vaults, orient them to sensc east-west signals, and to
record their outputs on adjacent Develocorder channels and on magnetic tape.

4. PROVIDE OBSERVATORY FACILITIES AND
ASSISTANCE TO OTHER ORGANIZATIONS

4.1 VISITORS

Lt, Lawrence Michard and two aides from the Army Special Force visited TFO on
25 January to study site and cable locations in preparation for an invasion
of the Tonto National Forest by the Army, the Marines, the Airborne Forces,
and the Special Forces (Green Berets) which will begin on 1 February. Their
two main camps will be in East Verde Park, near Z13. The Special Forces
group will teach mountain survival to the other military personnel. The
group was given a tour of the obscrvatory, and operations were discussed.

We were assured that the troops will not damage our cables or sites.

Mr. D. Minnegale, Hioneywell, Phoenix, Arizona, visited TFSO on o January

to discuss problems associated with the maintenance of our FM tape recorders.
e stated that spare parts will no longer be stocked for the recorders, but
that they can be manufactured on special order., It is lioneywell's policy to
stock spare parts for only seven years after the manufacture of an item is
discontinued.

-11-
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APPENDIX to TECHNICAL REPORT NO. 72-4

STATEMENT OF WORK TO BE DONE




27 JAN 97N
STATEMENT OF WORK 7O BE DONE
(AFTAC Project Authorization No, VELA T/2704/B/ASD)

1. Objectives, The Tonto Forest Seismological Observatory (iFSO) is
unique in ic¢s low level of background scismic noise and in its cupa-
bility as a resecarch center, being equipped with various tilm, paper
and analog and digital recorders. a shake table, a large walk-in vault
for instrument evaluation, and assorted test and -icasurement equipment,
The purpose of this project is to operate this observatory as a sourcc of
high=quality seismological data for use in Government-sponsored research
Projects, to use the TFSO as a field test site for evaluation of new
seismological instrumentation and procedures, and to support other
research projents as identificd by the projeet officer. This project
should require a manning level of approximately five man-years,

2. Tasks,

a, ggeration.

(.) Continue operating the TFSO according to established
procedures (Standard Operating Procedures for TFSO, 1 Nov 1970), proviciag
recorded data to the Government, Special data requirements anticipated
will incluce, but not be limited to, rceeording signals from special events
at the Nevada Test Site and supplying beam-formed or multichanael filtered
cata for use in evaluaticn oI the effectiveness of the ARPA long-period
arrays: DMontana Large Aperture Seismic Array, Alaskan Long-Period Array,
and Norwegian Seismic Array,

(2) Quality control the data accuisition syetems and evaluate
the seismic data recorded to detcimine optimum opcrating characteristics
and perform research to improve operating parameters to provide the most
effective observatory practicable, Hajor recoafigurztions in equipment,
those requiring more than 48 hours to remove, are subject to prior
approval by the project oZficer,

(3) Provide use of observatory facilities and seismological data
to requesting organizations and indivicuals as identified by the project
officer,

(4) Maintain, repair, protect, znd preserve the facilities of
TFSO in gocd physical condition in accordance with sound industrial
practice,

b, Iastrument Evaluation,

(1) Evcluate the performance charvacteristics of experimental
equizment identified by the sroject oifficer, This work involves
ir. .stigation of such components as seismometers and amplifiers,
ccmbinaticns of components such as arc involved in lightning srotection

vgg?go Atch ’.
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Yy
improvement, and altered modes of operation .such as radio transmission
of data, These necessary investigations will be initiated only after
advances in theé state-of-the-art identify problems needing work, At
present, the following areas for possible investigation are:

"(a) Long-term field testing of a new version of the
Geoteck 23900 long-periocd seismometer incorporating an internal feed-
back system,

(b) Test and evaluation of a horizontal short=-period
array according to existing general operating procedures contained in
Standard Operating Procedures for TFSO, 1 Nov 1970,

(¢) Evaluation of an intermediate-frequency range system
to be provided by the Government for recording of reflected body phases,

(d) Evaluation of special on-lifte signal detection
algorithms,

(2) Maintain the equipment necessary to perform the above
mentioned evaluations, including the shake table, signal conditioning
and reccrding equipment, test and calibration instrumentation, and film
v.awers,

¢, Upon identification and prior to the disposition-of any equip=-

ment determined to be excess to the needs of the project, the contractor
shell notify the project officer,

-;5_
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